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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a calculation 
device which simplifies the constitution of a product 
sum circuit and permits pipeline processing and uses a 
Montgomery algorithm to quickly perform multiplication 
remainder calculation. 

SOLUTION: A product sum circuit 21 multiplies outputs of 
an A register 3 and a B register 4 and adds outputs of a 
c3 register 26 and a Y register 5 to the multiplication 
result. A product sum circuit 22 multiplies outputs of 
an N register 7 and an m register 8 and adds outputs of 
a c4 register 29 and the product sum circuit 21 to the 
multiplication result Registers 26 and 29 for carry in 
two product sum circuits 21 and 22 are provided 
independently of each other, and carry is returned to 
the corresponding product sum circuit. All the 
processing is performed in a processing unit (k bits). 
The next operation of the product sum circuit 21 can be 
performed during the operation of the product sum 
circuit 22. 
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(57) [5g|$] 

[«Bfc'*«] ;«miHK2ia«' SfttPB US? 

fi. N Vi?^^ 7 XVm Ui?^^ 8 Offi^l Sr*^i * 

.©***a«-c4 u^^29oa*»i)«swdia»2i©a 

;& 2o©«?p|hIK21 > 22lc*»r?S*-¥-!J~- 

JB©V5?**26, 29Sr^SiJ»cfaftTi#©«fplH]K»- d r 
* y-£rJii-r#?j£i:-r£>= £-c©*JSfc*HBiiM!fc (ktr 
yh) rtT?P3. «FftEl«S220»^«flc. «fqE821cD 




tfffflW- 1 1 -2 1 2 4 5 6 



HWF«*oWI] 

im*m 1 1 *>=t* y ©7;^!) x*>fc#VT*» 

8ffPSi»S:ffV^<omaCiS*Sr±ffi;k If y b JrTttk ^ 
V^<£i£JM§*£Ji#:k trybiT&ktryhi 

3TIH1S& t „ JS* 3*1,* 2 s^g^h-* ft i jw» 2 US? 
iwa«2«iPiaj6oT{fl:kifybajA'srfia». 

U WE»2SFFSiaiB©*OJJtOEI©Tffl:klfy HU* 

SrftiMi-sfCrs us?** fc, WfBiD^iHi^oTfiik try 

hffiA*»l*U lltrfa*P|(n3&cD^cD&©®<DT&k IT 

ISO±{flri try bttt^Sr«49U *iJfa*PirielSS©*:©#c 
oiao±{flri try hBfc&*r*Mft+Stt7V5?**i:«rtl 

weft i asuuKtt, striae i xw* 21/^ tcim 

WIE^3 ue?**^^$Hfc»eDj?r£tr y VcoWRV 
v\ 

Sr$H# U *o*HtlS*iE WE«r 1 affiJiaiigcoTfi: k tr 
y hU*«BjM-a«*«rfrV\ 

flftl&PjtQItttt* WfSm 1 «fq(H]KO±ffi k If y btttfj 
tWIE^2«fDlH]^«Jifi:k f y Ktt*i«f|B«7U'S? 

[lit** 2] ttBBJffiSmilsU&B:* WIBJKi*V»2 
U is* * \Z.I&gf &th±2 %L<Dffij£ f y hOKIfjRJCL, 

try hoffiSrio^L, ^oft#RB*(alttlBtt4 us?** 

W )fe tr y b ©*fc*0tW-5 <t 5 l£*Wt LfcWI** l IStt 

ttftM*m^0!ldMftJlt*±ffik.tf y h t T&k tr 
V^©g|gS£m£-hfek Ify bfcT&ktf y f t 



-rtti^i-502«fplH]^i:, *g£frS2&<H*fH-6 
ybtfi*£»#U WfEffT 2i»fpIslK© ; ErO^WlHl<OT 

fitkf y>tti^*«riWt-5^3 w-^^t, ttriamifls. 

(D^CD&OlHlOJbKk tfy hUi^7iS:|&i^-t-504 WS** 
10 #U MfB!£2^nls]ii§<D^<D&W[g<D±&k tfy vm 

sjie^ i among r« wie^ i Rvm 2 ws>* * \am 
mm 3 \z.®m i$thtm<nmfev y b <d«rt^ 

SrSfsSTU ^©*3S^*^*frlE^i^[5]^coTfi:kir 
20 y MHASWJWB* 7 i^i?;* * f $ ^Thjg Sr*D3f-r 

5 ] i ffifamsgti, uie^ i stK^ 2 

v t?^ ^ i^^f $ tvfc 2 ^ogf Jfe tr y h ofii§r*© 

try hom.%M&v. z<Dtimmmm$&m4 u*?*? 

y&tcis^pj^tf-^sfio 
[i«*«6] «frfamiffifn®?s^ stfia^is^2 

30 ^^^i-^P*tbfc2^(OFf^try h©ft«r*JtU 

U ^©*P^*l-*t(IE^3 ^i?x?Mmiiti1tK<D 
ffi&Vy b(DffiSrAp*-t-S i p K*/&L*:fil**4iE3$ 

35 [»*«7] SfFiam2«fD|H]^B;, tfriB&5Ui?*# 

@^©T(4k try Kffl*^*U '*©4«MS*l!:jWIB 
40 4 is =r * y ± s *3§[pj^n-^ge„ 

K&ft $ ^/c^OBIf tr y t IftiS^ 6 Vi?^^fc 
CM* StbfdKi: ^W*^ife*»-flftlB^ 7 ui> 

45 S^nlslJ&wT&k try httJ^SriDjf^S i 5fc«fi8Ufe 
it*«4fa^o^^=f^ y.«fe^i5ft3eiliJ^«-»3SB. 

Lfc|»*«4~8(0{Bjn^|Hffi© ; E-^=fp« y>fe^J:5 
50 *»*i^^^SSo 
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smi^s t six, ttriaiB i sfp^<otti^sritna^2 

im&m l 1 1 ttfia^ i WfpmzWJg 2 «?n#IS:^ 
A*t-r^i5f-Lfcfil*«l OlE^o^e^rf^ yfe 

K£5?fe$¥*j£i+3?3IS0 

[ l 2 ] Mta« l «fp^l8:S^ 2 afp^Sf:: 

1 3 ] WlSm 1 a»^St>'M 2 SfiJ^^ 
*K 2 ocD k s/ r- tf>fSc&iO|H-3 b *m-tZ> It* 
[^©l&fifclftWI] 

[O0O1] 

i» (Modulo Multiplication Without Trial Division, 
Peter L. Montgomery, Mathematics of Computation, V 
olume 44, Number 170, April 1985 pp. 519~528 # 

[0 0 0 2] 

mm<ommi m^ztsnzx^e*.-?*? vv—9 
zMmmxtix^Zo 

[ o o o 3 j ztvhommiztt Lxm%&ffi : ti&m v± 
^ifzL—?**, hp— 9\z.*5\<->xtt.mmt&&m<o&M 

IP*>S8J£lc51 Vtc&KSmtt&i)* &5 

tt--c*s»), «*7S;iisig^r/p=ryxAis^$ti--ci f > ' t 

5. 

[0004] flHHfcfrSfctt, ABIJ-TS t 8fttt4HHfi t 



sum # t am* k#m tvgwmzw^ zb\z£<o 
[0005] 'AMmm&jfktis mrngfrteMZftx^z 

10 fcfcj: 9 a«SrfT 5 bp*>. ^mmm^-mx 

[0006] ««4B«N9-*-?tt, JHAJPfH&KlfiHf Ufc 
15 rmtf*fcfevM^^tt#©im*^-e*>«K 

^lifgCttnA^y h7—9<om& (n-1) /2*B 

20 si^s-fe^^^gaau t^-^twraow©*^ 

[00 0 7] 4&Hmr#X-Ctt. ^A^S^fcff: 

s y 7 4 Xtt At < So 
[0 0 0 8] ^iiEO*g-, iiMWHl-iHt, « 

35 ^te&m^s*s'±-i?*w®mxmm&mv. mmx 
\z.mavxm*>, &mwxttmm\zBEm£»i,xikm- 
*tt&'k htix^z. Lfau m&mmcmx&z 
fcft, ! %m%\t.mm : r—?&ekm-rzzbfrx%z> 0 ^ 

mm&t£* s>±-i?z&ffi£&vx®mmxmiMbu 
mmxteim vxm t> > sMt#tt^Mt#©^H«mHio 

45 #*V\ 

[0009] i<o<t 5 t-mtiE*Ttt^Baii»if^*<og^ 

tts st^k/at-i-lcAioiaS^S-cfeSfcv^A^ 
50 p» y*— S?«Mfl2R:x ^M^^ti^SEffi^tv^p 
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X 5 l£j&*-&*>*TfflV>kft34&^a*#V\i 
[oo io] 4£BMWH9*©+-x?, m&ft'b^^'b© 
;5Si977^clJ ^a:^. b (Rivest) , ->^r 5 T (Shamir) 
K;WV (Adlman) Al~ £ -3 £ tit' 

[0 0 11] (RSAOS*T;V^!)XA) BftS 
(e, N) (d, N) fclCjSVvC, e 

C = E (M) =M* mod N 
M = D (C) =C d mod N 

(aLs d • e = lmod L CM { (p — 1) , (q — 
1) } 

N= p • q 

L CM : fi/J^f&lgC (lowest common multiple) 

p, qFi;*:#&^$: 

[0 0 12]!^ e, d, M, N^^m02iK^h@_ 

Sr-Sffl LT % i mv> R s A^-cg tSisoo[5]g gco#a 



[ooi3] ^(pmi^mn^ MW^mm-r^-^mx 

Aft, m&vmt* (N>l) M&wiSfeNiSVMc* 
T?&5SfR (R>N) irSrfflV^fcs «8BljS**Ta»fe 
TR-'mod NOf|-^:^SISR»!:i5^o^.T?^^sr. 

Srff 5T^=fU rr-C, N, N' , R, R 

- i &t)?T0Jss-cfc>), &»£3rmos:T<R • N, 

R- 1 r±^OfeN<D±-C©S^R<DjS»^^& 0, R • R 
~ l — N • N' =1 (0^R" l <N, O^N' <R) ©B8 

[ooi4] Kt^ roafi»Rfc2©'5'af-*»[ft*6fflU 

T— TR-'mod N©tf^©H5ji«ia* 5 

srtBfcfea. r^yXAitu, t-tr-' 

nod N©7/VrfyX^REDC (T) St^W",, {&U T 
/V=ryXAl»!li3V>T (T+m ♦ N) /Rt4^-f#Jt>«) 

[0015] (7;Vrf'J XA 1 ) T— T R^'Ao^H^T 
/VdyXAY = REDC (T) }ift.<D£ 1 y\C$>bt>&tl 
5. 



05 



10 



15 



20 



25 



30 



35 



40 



45 



50 



M= (Tmod R) • N' mod R 
Y= (T+M • N) /R 
if Y^N then Y = Y-N 
VY<N then return ^T__ 
[0016] lteRCrirE^C^m. ffl&Tmod NtB^ 
<TR- 1 mod N*S*»bn5«rt-C*)5o ±ot, ffefe 
Tmod N^**^fc^^^J^{£^J:5^REDC 

(T) fc ^fe^feT feV^ R 2 mod N j (O^^ FtT^R 
EDC£rfTxJi&l\, 

RED C (RE D C (T) V • (R 2 mod N) ) 
= (TR _1 mod N) • (R 2 mod N) • R^mod N 
= TR^R 2 • R" l mod N 
^=TmodJ^] 
r^J: 5^UT, f^Tmod NSr*ft5rt^5o 
[0017] (REDC <D&Wfemt^<OffiSd #C 
^ W5feOffiN*fcttS«:R355#ffiFfifiPt>#fi*Sa-C& 
64§^l£OV^T. REDCOT^Vrfy XASrJfc3S*r^o 
SMjfeOSsN; ^R^#fifSST&5#^> RED CO 
(Tmod R) • N' St^M- NCDff^n, #Sfit*X# 

[0 0 18] (7A/^!IXA2) REDGSr^mSS^ 
T, ^7^^N' , ffl*/Ba»Y*«ftt>r3iMfcTf, 

T — ( 1 2g-i» t 2«-2> ***» ^0^. r» 

N' = (n' H , n' — f n' 0 ) r , 

Y= (y,, y rl , — ,■ y 0 ) r » 
R=r<, 
r = 2 k 

fcfcb;b£*LS4§£v = 0-g-l£)|ft9ig 

^^^td^T^^o rr^mftS^firii^citfTorfc 

[0 0 19] Y = T 

for j = 0 to g — 1 
m= y o • n' 0 mod r 
Y=Y+m • N 
Y = Y/r 
next 

if Y^N then Y = Y — N 
Y<N then return Y 
r<Dj: ^^L^f fetuSTR^mod Nir, _bi6bfc0:5 
^»*»T*5V^R 2 mod Nt^-CffVREDC?: 

[0020] (redc <D&&%&mnm&^<D&m 
REDcw^y XAfeji^jBbfcadifctEa-r 
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ftffiW- 1 1-21 2456. 

St^ftjftft-Cfct^fcR^od NtOSf-Cfft^REDC 
%noZ.kK£t), ABR->mod NSrJfcfeS £ fc 

[0023] ^E^MBP mmm * <M**w*^«>tt 
05 as) 7/u=fyxA3-m, &mnm<D*>'=?*vmm$ 

b , onmmft ux now^ t ^ •? tti-gf t 

^r-e, 2o©^SSrp)-©^»)5lUV-7' 

15 7vv=ry XA4Sr^i- 0 

[0 0 2 4] (TyV=fyXi»v4) REDCSrmiftax^ 
*fg^J£3SLfcT/l'=f'yXAREDC (AXB) 
^•f-±5J^e„ 1^5 2^, B, 
N' , tfWjffl^fcY, *>r})-&%iC&<<i!tli>Tm& 
20 Tf» 

A = ( a y a > • • •> a 0 ) r , 
B= (b^, b^, b 0 ) r , 
N' = (n' rl , n' ^ — , n' 0 ) r , 
Y = (y t , y rl , — f y 0 ) r > 
25 C= (c,, c 0 ) r , 
R=r', 
r =2 k 

bht>t>£tl, r itlflfO— Bf^^tmpl, tmp2, tmp3, 
tm P 4 fc -T £ »£\ W&tt- i , j o» 5 5g UMKc 1 9 
30 ABR%d N«SX#»ftlT'*»5Ii^ 

Y<N then return Y jt\ [0 0 2 5] 

Y = 0 

for j = 0 to g — 1 

(tmp2, tmpl) r =y 0 + ai *bj 
m = trapl • n' 0 mod r 

(tmp4, tmpl) r =tmpl+m • n 0 aTllfil 

(c lf c 0 ) r =tmp2-f tmp4 
for i = 0 to g — 1 • * 

(tmp3, tmp2, tmpl) r a «y 1 , + (c 1> c 0 ) T + a 1 «b J 

(tmp4, y^) r =tmpl+m • n t ^T$dM 

(c n c 0 ) r =tmp4-f (tmp3, tmp2) r 
next i • 

(ci, c 0 ) r = (c,, c 0 ) r + y r 

next j * 

if Y^N then Y=Y — N ffilEAS 
Y< N then return Y 



5o ifBOT/Wrfy XAfc*JV^T % A^JTtt0^T<R 
• NSrffifc^tt-C&a^ SOBERS AflWfrrHU A* 
T*Sg$CA, B (O^A, B <N) ©*»tt*-C*>5 ^ 

b«-J(355ff'fcnSo r<0*&,-JR»fcREDCfcSraU* 

2ffil^oTl*5o f^t, Jfe3?fcREDCfc£H3- 
SUV— ^CffpLi £ 5 fci£«L*:7Vi'=r!J XA 
3 Sr^-To 

[00 2 1] (TVWy 3) REDC^S^K^ 

3na*'>4£KLfcr^yxAREDc (axb) rt#c 

A- (a r u a <-2 » ***» a o)r> 
B== (b rI> b^, b 0 ) r , 
N' = (n' n' ^2, — , n' 0 ) r , 
Y= (y ( , y rl , — , y 0 ) r» 
R==r«, 
r =2 k 

UAS«teJ:5, ABR-W NSr#£3fSffix^F»KO«- 

[0 0 2 2] Y = 0 
for j = 0 to g — 1 
Y=Y+A • b j 
m = y 0 • n ' 0 mod r 
Y =Y + m • N 
Y=Y/r 
next 

if Y^N then Y = Y-N 



- 5 - 



$#^¥1 1 -2 1 2 4 56 



[00 26] ( ) r ti. aHurtOriWRHfr 

<D^Sr^fi»At L-Tji Sr^LTVN5 0 tm P 3, 
c, term%ciffixm$L\^x^Zi>K rt&Fiifyhco 

XA3 KfcttS Y=Y/ r W^|gSrrtu{J:± •) 
VN5^ifcT?&5„ *7c, ^{ico/W-T'Sr j /v- 

mm., i ^P— T'Oj^i? •? P> j yv— T'Oj&fc) 9 *T?£=i 
[0 0 2 7J SUtt, i^LfcT^yXJ^OaTm 

js^^i-5m^j*«-^eo«j^0-c*>5 o mine 

b. mn-tZ-JfO&B : (b rl , b^, 
b 0 ) Sr^-t"5BV'v : ^.^54t, fiJ^K>&N: (n 
rl , n rii -, n 0 ) Sr»^-r5NU^^55t, 
0^fD@5&52©W;£<DT&k ty h*fe»t5YU-^ 
*56fc, ^e^rf^ 'J 0/-57-^m^t5mU-^^ 
57i: N aafOEI^5iroiiJ^C»±fi£ (k+1) fy bRX* 

em$a®&52(z>mti<D±uk tr- y b&Mn-rz>**v— 
&mrzc\'W.?wb. j roffito bzimvxmfi 
[0 0 2 8] *fc, amfa^mi, emn®&52<Df*im 

ffi&Zmi2 (a) , (b) \C$;*7rrr 0 a«fntHl^51 

Z> k bTs/ MH»3g511 k f j/ h^^t|§511 <pW^ 
T>*S1JR[h]860 (Y 1/^^56) <Dmt)&)!a&-rZ>2k\f>y 
hi)D^512 2k^s/ fjbB^512 (DfflTJ&tf C Vi? 
^.^59©Hi*Sr>bn^-r-52k+ 1 f y hJD^S513 

^6.tOW*Sr^-r5ktrs/ f*^|521 ktfs/h 
^®S521 rom^Rt^aiaffPiH]K51d-6><OTfi:k f v b 
<omJ3&M&-t%2ke y h*B^522 t Sr^-f «„ 
[0 0 2 9] 013(±, TA^y XA4«D3TiaSC>rt^ 
Sr^i-SiKEl-T?&5o oS(fPlHl?S5lrtlC-C, AV-^? 
53<Dm*a, (ktfs'h) fcBUv?^^54rc>ffi^3b 
j (ktTj/B ifcJfc#'U (2ktfy 
b) fc, ffiRBBeO (YVi?**66) OffiTj (ktfy 
M bCUi/X?59<DWJl (k+ltfyh) fcSrMrt" 
5o fc*5, 8&lHlf&60tt, j <Dtg.bQ bteitnu i <D 
m*OX-2b2>W&\zt± a maE}&51~. OSrffi^U j» 
ffi^O-C^VN^jcttYV^^seo^flgyt £a« 

fp@K5i^w*i-5 0 ag{fpiH]85ifa > z(om&&m 

(2 k+ 1 fcTjy h) ©+_& (k+1) f s/ h SrAo^dlK 
58^ttJ7j ^ (DTtit. k fcf ;/ r §• /3 »ftlHlK52^Hi*-r 
5, 



[0 0 3 0] 0®ffH 0^521^ fnf, NU-v^SS©^ 

SrffcHU -?"CD^»^ft (2ktfs/h) tCo«fPlHlK51 
A»f>OTfi:ktfs/ bW^SrAD^-f-^o /3ffi?nle]8g52tt, 

05 *<Dmg1gm (2 k f j/ b) <D±tiLk f s/ hSr^eiS 

5„ Yl^i?^.^56ri, ^©k try bOT*— ^Srffiy,., 

[0031] *D^t|Eli^58tt, «SWll51^51*^ ©ffi^7 
10 (k+ltfs/h) b &mm&S2frt>V>mt3 (klfy 
b) J:WU ^OAD^* (k+ltfyb) SrCU 

So 

[0 0 3 2] 

15 U X 5 £ -t-53S^] ±^ Lfc i 5 fc&3l5<D 

yv— z/^OSr+y— ^ (k+1) Jfyht^iJ, -?:<Df:i 

#> amftm&5i<Dmjj& (2k+i) ^ht^xt 

20 *o-C^>3, lo@<Di|^PlHlgg ( a afnlH]ig51) (D«J^ 

[0033] *fc, ^f-f y— ft&ux-hziimm&mz- 

T>* /S «fPtHlK52T?WiS*^*^<3V >Tfh* $ ^5 fc 
25 K>> 2-Ogro^fnlHl^ (/3WfP@K52) -COSI^i^T 
U^fttltf, ft@0 1o|0^|p|5Ig (a«(fPl51^51) 

[0 0 3 4] *^tt^f*^*ffi»Cjg^T4$Hfct>0 
30 ffetJ, logoa?0lHl?S—<0<9c|Hl^fflO^r^y— Sr 
k try Me-rsr £(::,£ 9, afalH^ro^Sr^^tt- 
Srt*5-e# % ^fc, rWaODSP (Digital Sign 
al Processor) , •?/f^oay).o-7^(r)J : oy7]« 

[0 0 3 5)*»i©|65li, ^y-co-Bjasr^- 
~lEl^TOgf a^tf^c>TV^5W^^: logoSffPia^-CgclH l 

[0 0 3 6] 

45 y i zmm&fr&'mw. mimwy it. *>=f* 

mim.n^n^(om.nt$^±&.k\fybbr 
<£k h b iz&ttxmti-fsm ima®&b , 

©Sr«V^O)!8^**±tek tf s/ h tT^k try h t 
50 ^t7Tffl7D-r5^2S|?Plp]iSSt, AD^S^SrffV^O 
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*83?SS*&-t&l try biT&k tfy hHz.&tfxmt) 
atlEm2«fnIll8©T<£ktfy l>a#§r 
ffl****W5IK3 lW!B*tl|?[HlSS©T&:k 

f£-T3fg5 w?**fc v *:'=r* yor/w^yx-Mcja 

»t-5'>*5^— ^ JS 6 I'S****, tfrf2*P 
ana»©±tti try KW*SrflH*U ttflffilJD^lHJK©^ 
©&©[H]©-t:&l try HiWS:j6i(ftt5l7^^i: 

^tcfia**Jh»fc'2»©0f*^j/h©<tSr*||EU ^©Jfe 

**f7v\ Htrf2gl2«fnlHl?§tt, ftrfHSfls 

W £ =h,fc&© j?r 36 tr y f ©tt t Mia® 6 i?x 9 

ztntmh &mnu *©*jn&*teMia« 1 mam® 

©Tfcktfy Ma*SrAD^-r5iS^:Srm\ flMBADjNa 
ggttv ffir!B^iafiilH)J^©-tfiik Ify hWAtStHE^2 

«fptnK©±&kifs' mi^t*triE^7 vv>**\z.$m 
[0037] m#m2vzm5*is=r* vmzxz&MM 

MB* 1 & 2 w S?* * $ titc 2&<Dffife 
tr y h <nm&mn L, ^©SfclMSSteAtrfBSB 3 * 
^^S^ct!c©B'r^^s'b©fieSr*n©b, ^©Angife 

[oo3 8] m#im.3K&z>=z^=?* vm\z.£zmnm 
&n&mmti., s^l**l^c*3v^x, nuiE&i«fniH]& 
t±, mew i 2 ^ s?* * icftft $ nfc 2 sfe©Ff jg 
if s/ h©nsrifc#u : t<Dmmgm-$mm4u*?x? 

{C^SnfcttSrAO^L, ^©iBg&*t-ttlfaS&3 W-v> 

[0039] rnxmi^mz^Jtym^zzmnm 

»thgMfilK (£2891) f4, *y^y©7;Vrf!JXA 

ft^<Dmn%imz±.&k try h trtk if y h 

rfcu*i-*J(5i«iniHiiSi: % ttfrftff*4?v<>*:0tt* 
^SrJb^tk if y b tTffik If y h tc»tfxm^rt9 
^2S(fp[Hl?§fc > ^§^5 2«fc<Sr^i-5^lS.^ 
2 *ffiEm2«fD!H]^©TfiCk if y 

4M*U MIEm2«|OlHlK© ; E:©»C©0©Tfi:ktfy h 

m*£&m-5S&3i^;*.* «nEmi«fpiH]K©Jb 

<fck If y h6b**««fL, ffriEf&l«fn[e]f8©*:©ifc© 
[H©Jr&k tfy Mti#£&i&«-5Sg4 f i?*4rfc.'lUfc 
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stis^2«ipiHiK©_tfikbfy \-m*)&m¥u a 

fB&2^nle]8©^©&©|H]©±&k tfy htttf)&l6iM 

05 f ^v?^^Jw^^tl7fc2^:©B f fJgtfy h© 

tf£*£U ^©^^m^tufS^S^^^lc^^ 
tvfc^:©Bif 5fe tf y b ©4ft&Th*tfffE J£ 4V^^ RifM* £ 

10 m6Ui?^^ic^$nfdtk^*»u *©ffe3Si&* 
(JiWfB01«fPlElK©Tffik try bUA&tnmEJV7 

[0 0 4 0] »3!t«Bic«s*y=fy ysu£±5ffi»*j 

15 sfetmsie»tt/»**4 k^-c, wia^iafpisiK 

tfyh©«Sr*SCU ^©^JfeSdWIE^S 1/^^ 
«JifiM^snfe«:©0f!ttfy h©ffi&in3¥L, ^©Ao^ 

20 mf8.vtczh*m&b>t2> 0 

[0041] m&me^&z^dc* ym-xzm&m 

try h©«^*»L, ^-©^M*^«ria^4 i^i?^.^ 
^. ^ $tvfc«5:©B>fSif y h ©tf SrAD^-T 5 i 5 1- 

[0042] 1ft** 7 ^-Vrf^ <J 

^*{-tfnamiafpiaiK©Tfi:kify bmx&iBg. 

35 [0 0 4 3] »*«8fcfli5*>'=fp«PScfcJ:5*3!l3|i!| 

sfett-^Btt, MUWUfefevvCv Striae 2SrfnislK 
tt, SfrEm5Pi7^^{::^$^c^©BlfSfc'y h©4t 
t*ftiES6U^^f^^§^fc:tti:?r^U ^©* 

40 <r>im&m~mm l SfolalK©Tte k if y Sr*D 
3¥-T5 <fc 5 {-«^Ufei t «r#^ct -T-S, 
[0 0 4 4] tt^g^s^E-v^ y^«^is*^Sij 
sfen-^s®»4, §t**4~8©fa;h,?wcj3VNT:, itneis 

[0045] i«*5io^«5^-^^ y^cts^PJ 



ftffiW-l 1 -2 1 2 456 



5o 05 

[0 0 4 6] n«4Iii(cff«<ev=ry !)&l::£3Jfe*JM 

5o 10 
[0 0 4 7] SS*«12J!l<S5^-^=fp« yffiKiSJftgfiJ 

So 

[0 0 4 8] HMU8(cflld j ev=f7t ySJCfcSJRJfiRI 15 

2 afq#©r4, 2 o © k tr y > ©»&5ti?-r£ 
t, *©j£l?;&»»c2o©k try b©*fcln*-r«3« 

[ 0 0 4 9 ] & 1 3893 CD*»PJ£fr2?$!lgT«, t£*01J 20 
t^VvTfigjEfcfco-CV^ (k+1) tf^KD^y — 
Sr±ttl t^y htTffik try htf^SIU ^WTffik 
try httloco^y — fcLTt£&^!i3«5KioB© 
mm^KmV. *:<D±®.l try htttp lo<Ddr^y 

[00501 ^2 ^WO*»*JsfeJHS 3£Bt?tt, 2 0<D 
Y=0 

for j = 0 to g — 1 

(tmp2, tmpl) r =y 0 + a, • b } 
m=tmpl • n' 0 mod' r 
(tmp4, tmpl) r =tmpl + m • n 0 
(c2 , cl ) r =tmp2+tmp4 

for i = 1 to g — 1 

(tmp2, tmpl) r =yj + cl + a t 
(tmp4, y M ) r =tmpl + m • n, 
(c2 , cl ) r =tmp4+tmp2+ c2 

next i 

(c2 , cl ) r = (c2 , cl ) r 

y,=c2 
next j 

if Y^N then Y=Y — N 
Y< N then return Y 

^ c-c, ( ) r gairt© r m» 1 

2 firit&itfr-e^giL-c^s;^ ftSttl fy b©<it 50 



*MbfcH*i5fc#te, H(::=a-SffalHlKc0^r^y--*O.S^ 

©^®&©&li]©f§MfrSS ^fBi: fc5„ 
[ 0 0 5 11 



Q |gg3© jdS©?Eai]/ KIT, *&W% ; t(omM<nmi®Z 

($13893) 10@0«fBlH]^-.CD=¥^y-Srktry h 
K Vtcm 1 5gP^l-oVNX^-t-5o JR 1 asWCtt. 1 o 

(k+1) fy h ©=*+y -grift lfyh 
iT&ktfy h tK#8tU ^©TftktTy btt^-yy 
— g&ci i:L-C loBWiB|?PlHlKl-MU ^©.h&l 
tTs/ Kit? loO^i)- ftcZ tux, **y — 
tWJBOinJWillSteK-*. r ©*&£•© TA-^y 5 £ 
£lT^*+o 

[00 52] (7;V=fyXA5) SIt5 2fiA, B, 

x5^-*n' , m^ffi^Y^tvfc r mwc-v. 

B= (b ( 
N' = (n' 



S~2 > 



'0 ' r » 

-, n' 0 ) 



y.) 



R=r*. 
r=2 k 

ir&£>:b&*K r mi tfi<D— ^Sttapl, tmp2, tmpl, 

^-t.y-^Sci , c2fc-r54§£\ ^-^-r i , \<» 

MPS L4aate iOAB R-'mod N Sr^fflS X m»«(D 
[0 0 5 3] 



+ y. 



[0054] 01 tj, ixBUfcr/w^yXAswaTia 
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i wmn i iwrn 2 ®fp@ss 2 1 , f&gi-s -#0®: 

A: (a rl , a^, -, a 0 ) S««t5»l^ 



b 0 ) £{mi-£Sg2i^** 



05 



k \f y Y Mt> UfctU^Tte k tf 5/ h mt> *&ffi*t 

cl S:ffij#t5f4i/^^i:LWcl l/^** 6 

m&vmvtz (n rl9 n^, n 0 ) 10 

*m£ifc^5je6l/v^ 

&io±&ktr$/bai;fr, ^2«?n0&2O±&ktfs/ 15 
U-roAn»lH]gSlOi:. j (Dmt O b Srifc&UT^ 

- (omtf^mmrr^miRm^iib^^r^o 

[00 5 5] *ia»iE«H, m2«fP®^2CD 

rtaMSria2 (a) , (b)\|£5fc*»tf-. »iSffnEI 20 
&lfi, kbf^hm^§&101 i:2ktfs/ bilDlWl02 fc2k 

vrhtimmoz b%m-fz>o ktfs/Mn^ioi 

Al/^^ 3 ROT l/^^ 4 d^^ffl^^f U 2k 
\*y h*0»S§102 fit, k If* h^^SlOl offl*fc3HR 
Elie&ll (YV^5) Offi;&k&inJ|CU 2ktf y 25 
^103 2klf$/ biP^ggl02 Offi^ir cl Vv?;** 

6<Dm?jb*-hm-rz>o 02 (a) tc^tit^j 

•Ctt, M»»*lc»REllSll (Y^5) ^tH^Sr 

i5(^^oW^)d\ Ifttttf^ 5fe^cl VS?** 30 
6<E>tti;*J. *©«fc3WUSfcll (YV^^5) £>tt5# 

[0 0 5 6] »'2 8flW3ft2tt\ NV^?7RtfmU 
^^8^bOm*Sr^-r5ktf$/>«^201 £ N 
ktfiyb*^201 om*Xt«Kl8ffillHlKl*b©T 35 

&k tf * hou*«rinJ|L-r*2ktr * Umj«l202 

[0 0 5 7] 0 7^!)XA5.©a7««OrtS 

^3^*8! (ktf^h) fcBl/v ? ^^40tti^b j 40 
(ktfs>H fc«r**U *o*3«B* (2k^H 
Y = o 

for j = 0 to g - 1 

(c3 , tmpl) r =y 0 + a 4 • b s ' 
m = tmpl • n' 0 rood r 
(c4 , tmpl) r = tmpl+m • n 0 

for i = 1 to g - 1 

(c3 , tmpl) r =yi + c3 + a. t 
(c4 , y^) r =tmpl + m • n i 

next i 



k s mvim&n (yi/^5) (Ota* (ktf^h) t 

cl Ui/x* 6<DtiiJj (ktfj/b) tSr*PSti-5o 

*3, StfiEHSiitt, j <omb 0 b frJfctR-U j (Ofltiso 

^fcaa^lctt»i^liltti^oSrttJ*U j 

(2 k tr 5/ h) coJbfck If* KSrAP^El^lO— tti;*?U 

[0 0 5 8] m2«fP[HlK2rtle:T. NV^?7©ttJ 
tfn, (ktTs/h) irmU^^SOW^ (ktf^b) 
fc'*r**U *0*J|«* (2ktfj/b) ^ flSlSffb 
EKSia^OBATttk if $/ hSr*P3f^-*o *2«fpia 
g&2tt, (2ktf$/b) 0_H£k*Vh§: 

AD^tHlKlo— ffi^ ^r<£>T&k tf* htYV^M 

[00 5 9] JnSC0KlOtt, ^lffifPtsJ^l^t^fcb* 
tc2 V&X#9t*i>iDti&3 (ltfj/h) ^^*P^-T 

5 0 ^tx, &m<Dffi&mk tr, ^oio^* (k+ 

^^6, c2 t-^^9^:, rttSr*&^5o 
[0 0 6 0] (12^) **v-m<Dvz?*?*&m 

[00 6 1] (7;l/=fyXis6) SIt5 2SA, B, 

A= (a rl , a^ , a 0 ) r , 

B= (b rl , , — , b 0 ) r , 

N x = (n' rl , n 7 ^ , — , n 7 o ) r , 

Y= (y f , y^, y 0 ) r > 

R-r« f 

r = 2 k 

tfebt>$n, rititfiPO-^Sfctmpi, ^^y-^g: 

c3 , c4 b-rzm&. jcomvteisiim 

[0 0 6 2] 
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(c4, c3 ) r =c3 + c4 - 

y, = c4 
next j 

if YSN then Y=Y-N 
Y<N then return Y 
[0 0 6 3] 04fi, ±.mL1tTsl'=t})XA6<D=tTt!l ! 

^i-*3^&tr#8«Bu « uxmw&x^uan &fr 5 0 
zmmm\Btxf-%Amm%'L2h, m i Km-ri><ot 

^^5, 05^s?x*iUTONw;.x : *7, meui? 

$tc3 Sr^-T504 l^^^t LT<^c3l^^^2 
[0 0 6 4] *C*5, 03;fi[fnt5|j£21&T/04lg?q|5jgg22 

HSgioi t2ktf y bjp^c5li02 t2ktr y htianmoz k 

[0 0 6 5] 03®?PlE]|g21<Dk ITy r-fUgSlOl f±, 
AV'v J ^.^3SU t BV^^4^feW[H*Sr^Ls 2k 
try r-iPgSgl02 k try r-j£g3gl01 wm^jts^ 

gS§103 tt, 2k tfy h#D^102 <0\&jjk c3 
26©m*tSr3!jD^t-S„ *£*5, 0 2 (a) K:*H1ftj*0« 

[0 0 6 6] — *\ 04«ftls]!§22©k try h*3M&10 

U 2ktTy r-;bll3*3§102 tt, k rJfe#S§lOl OffiA 
1 0 3 «fPElK21 A> P> OH k If y r- ©m^j t &Ad3? 
U 2ktTy h*Bi^l03 fi, 2ktT j/ f*0^gglO2 <OMt) 
fcc4 V^^29<Dtil^i:SrAP^-t-5 0 fc*5* 02 

i?*?29<Dmt)%to#-t5i:5Ktj;oX^Z>&^ ClHfc 
IsJ&2ia>&©T&k ITy h£Dm^&*D^-rS«t 5lc«J*- 
[0 0 6 7] 05tt % 7;VJyXA6©37«!!iOrt$ 

Sr^-flftpjS-efcSo m3«fntsJ?S2irt^-c % AU^ 

^3rc>W*a t (ktTy rO i B V-v 5 *:* 4 b , 

(klfyh) fc£rfp=gU ^©ffegife* (2 k tfy h) 
jl&lslgSll (YW^^5) Offi^j (ktTyb) k 



y. 



c3 V^**26©ffi# (ktTyh) tSr*D^C-r^o 4 
T&5t§^l-tt03^|EJig21^O£trWjU iOW 

(2ktTyr-) ©Jbffik try r-£rc3 l^-X^^H}^ 
U -^WTRktrs/ r-^04«fnIUg&22^ttl^i-5o c 

15 — fEtSSt 

[0068] 04 «^JElK22rt^Tx NV-^ 7 Wffl 
^)n, (ktfyh) kmUi/X* 8<Z>mt)m (k iTy 
b) fc£fil#U ^nmrnfeZk (2kfy r-) 03 

afi)i5j^2i*>t>oT&k try hmxteton-rz,, 04« 

20 fPlHJK22fi, *<Dm#m%: (2ktTy h) ©iffik.1T? 
h§rc4 1^^^29-^to^L, -^©T&k tfy r-SrYV 
i?^^ 5-^tt3^-f"^o c4 U-v J ^^29{i > ^CQkfyh 

YV-W 5ti, f©k try KOt'— ?Sr«y H k L 
25 -C*&^-f-5= 

[0069] men, vmicxzm&M&t&m 

—ycoftmxt* a.xbjtmxn.i OMjHk'Sf- SrfT 

35 [ 0 0 7 0 ] &lc, 0 2 fC*J »t 5 5 A^M^o 
V^TS«W-f-'5„ «T«M-Ctts N, A, BeOtTyr-gS: 
1024tTyh, g=32, &g*fitk=32, R = 2 lWM , r 
= 2 32 t-f5 0 

[0071] (^TMiaa) 0 7 =rflf(tossr=ff 5 

o ^^m-t^^'y^ . 32B:03;ffifnlHlSg 
2l<omt)k WxfSKomt) k §r*^ft-5*^Hl?ST?fo 

[0072] r©37iffln?tt, ar«Ka-cttffl-*-s 

45 c3 \si/%f>2§, cl Ui>*.?29RT*m\<'\/*?SnV} 

»^^:§r^ToTV^5o 03SffiHHiK2m, ^-f, Aui?x 

©*^*tY^^5^b©A*y, kzum-r 
So ^fcv =*Timkmcm*i\s}&&Qim-tz>m&i3., 

50 HtetOtt*i:0 4:Srinijii-S. ^bt, *S*0±fi!:32 



«fnlHi8§2i b M m§rH-^-t-5 fc*©f£gll]&32 

[0 0 7 3] ^4«fn[U^22tt, N^^7^b<OA 
t)n 0 b ml/^ * 8 ©fit b £ffSg U -t©^^* t 
^3^fDlHl^21^e>coai^fcSriD^-rSo fc**, 37» 

[0074] (ar®i) @ 8 tt, i /v— ^rtgB&yg-r? 
3) ^Y=oo*aai^s-*-5 i brc>t?35So 

[0 0 7 5) »3^rfD(HjK21{i, *"f\ ,AW:***3, 

"C ^K>±fii:32tfs/ hSrc3^^^26^fei^u T 

&32lfs/ hSr^4aiPlHlK22^tfcl^-t-5o 
[0 0 7 6] ^4^fntHlK22H, £1*, 7fl> 
h<OXtsn l bm.Visy.y- 8(Dfitt SrffegU -t©*^ 
^«t^3afoig?S21*^Ota^i:SrAO^U HK*-<D 
APg*S*i:c4 l/^^29(Dfifit^*P^i-S 0 ^L-X. 
*tm<£>-bfe32fcrs> h&c4 l^x^KlMftU Tffi32 

tr S '>$:Y^v'^.^ soy,., ic^-r5 0 (r^=fy 

XA3) ©Y=Y/t©Mll i@S©«-S!emS:y 

[0 0 7 7] (=iT^a) 1219 ft, =iT&mm&fto 
ffil&V)— e!ISr^-f-0-e$>5o 33fjc3 ^v?^.^26<DttJ* 
tc4 Ui?^^29(OtB^)i:5g^lHl^llwm*i:SrAD^-t- 
5*D£IhI!&, 34t±t)D^lHlK33^P>«0^^y— Ui^lSrO, 
liifctfcU o-cfc^tfoSr, i-?;Wxtf i£, YVi? 

[0078] r.o=tr^«ia-ctj, =iTmmmT'&<D* 

J rV—£<&c3 , c4 <D^.<0$m$:?toT^Z> B c3 u 
v*.**26, c4 ve?X^29(Ofl£RtJ ; YU-v J ^^ 5d»b<0 
A^y^&tlPgtslggSSfcA^U ^<£>*PgJ&*£Yl'S? 
**5 0y M li:ffi;frU ^-^y-SrMS^fir-CfoS32tf 
y hrofit^&LTY 1^**5 © y32 Kffi#1-5 0 r. 
rr\ ffi^>feti?^5J;5{-> y»rofitttY^e?^^ 

Ottt*5C^ *D^*1432Vfs/ h + ^r^ U — <73*5HB 
[0 0 7 9] («fPE1^0«^) 01Oti, jbx£©1??j£0lj 

So SfPlHlKtt, lfii©32lfs/ h^H41t x 4fil»32 
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tT:/ h*ng££42, 43, 44, 45i:Sr^-r5o 

[0080] a, B?>7<t>mm2\?-y hmn&4i-cm& 

5= 32 h*D^gg43tt, 32 h3f*2^41©{ij#T<S: 
05 32 If y h b XtS RcOfiti: SriD^t U ^tf>*P|?£;*«C>HU;*J 
32tfs> hairs' b*P2?3§45^ df-V y — Sr32hTy h*D 
^^—^-tl-^tuffi^-rSo 32f ybiB^42« % 32f 
y h*^g41<DU}*±ffi32trs' h £32 tf y M)P3?£f43<0 

io &32b>h#DgSI44^aj2rt-3„ rwApg-eta^y- 

[0O 8 1] 32 try htogm5l£^ 32 VTy >;&p£3§43© 
tii^tA*C©fifi:S:AP»U ^ro*P^*rotfl*32lf 
^f*K?P[s]&<£>Lffl;0 (Tft32KVh) tJfct), =*-^ 
15 ])~tt.Z2VyVlmWm4~-mil&ivZ> B z2\fyhmnm 

44f3u 32f.y b*P^420tti^t32f y b*P^|g45ro^ 

■v y -m* i: £;&P2I U ^<OAP3fii£*<offc|;fj32 tf J/ Mi 

20 5o 

[0 0 8 2] fc**, *?g?q©*^*i^^«tt x 
30 [0 0 8 3] 

f[j§w^m]] ^±iapj Lfe j: ? fc, mi, m2%M»c 
^rcoMaSrftiS*&rt-c<Tx.5o-c, dsp, -^w^ 

35 t-'iSo 

[0O84] £fc, n2ftW\n}:-h,t£^ =3f^y-e«g<|r 

ftttumti-aimbtezo-c, stjyy-i^f&mtcbizZo 

40 [SfficojK^SttW] 

[01] *mi<nfkm\$mmm. <omi& 

i m 2 ] mn®&<Dffi&mx'& s B 

[S3] *^o*^*j^tf^@ (mi^gpj) <om& 

45 IiiP^0t?S>5o 

[04] *^o*##Js^ff^fSS 
0-efe5o 

[05] *^gM^^*J^tt^B m2&W) <DW)ft 

%Lwmxihz, 

50 106] *^=/^ y fet- i: S^^SHJsfeMSro— M^Sr^-f- 



1-21 2456 





3 






4 






5 


Y U"S?>*# 




6 


cl V&*& 




05 7 






8 




[012] tt^gofffnlsllgottFABI^ftS. 


9 


c2 I'S?*^ 


[013] «*0*»*J^fi-*^|S<Dlli4mWB|-t?ife 


10 






21 


^3«fPlH]K 




10 22 






26 


c 3 \s\S^$ 


2' S?2«?0[h3K 


29 


c4 Ui>^* 



[01] 

;«w3©*s*isit*3ai ( * i sm ) ©was 




(a) 



tb) 



[02] 

wammm 

B 



low 

102— {2kEE 



2 kfcfy h y 



C I2U22I 



io^ [5T^hwnii 

±ftkfc?yhl lTtt'ktfyh 



A B 

hike* hi 



201 — | 

2kt?vlv^ 



J- 



2 02-— fTk^Mflggl 



- 12 - 



ttffiW- 1 1 -21 2456 



[03] 



rQ 



V AC 



□1 



M * 
3 AJ 



do ©Bos 



M 

OJ 



CM 



AJ 




[04] 



AJ 



5N — 

^ — 



«< CO 

IK 



aj 



AJ 

^ AC 



aJ 



<VI 



CM 



as: 


I 


CD 


< 













[06] 



[01 o] 

mmmmm 



ai Xb|»ft58* A XbjSflJSP: 

Xtf 210 
mXnifl^r m XN SflSBf 

S33S4»-^ jew/-? 



CIZE) 



A B 



32 b?vh, 
41~r-52L*vl-»gg 
J* 



32£vt- / f 32fc?vl> 
1 



32b? v hf 1 h Xlf v h 



42- 



32fc?fh 



44- 



' 32t?«-k 



3 2\£v b 



-43 



32fc?t/h 



,32b?yh 
E 



3 2tf»H 



.45 



'32t?t/h 



- 13 - 



ftmW- 1 1-21 2456 



[05] 



o3 



Y 



[ZD— - 



a I I'.l 



| I | 2 kfcfy h B | 



e 



'2 khfy 



7 kbfvh 



[0 7] 



5> 
CM 



CM 
CO 



CM 
CO 



5< T 



. CNJ 



CM CM 
} CO 



I 

A I 



A - 

C7 



<C CO 

■« 



5n 
CM 



— 1 ^ 
CVJ 



cvi 

CM 



fib 



CM 
CO 



CM 









CD 








O 





St 

CVJ 
CO 



[0 9] 




CM 
CO 



CO «3 

j 



- 14 - 



ftmW- 1 1 -21 2456 



[08] [Ell] 




'WWW 1-1 - 2 1 2 4 5 6 



lei 



[01 2] 
B 



511— 



4 trvh 



2 k\£v hJ 



51 
i 



^513 



mi k+1 ) 



lb) 



H 
A 



A B 

.ikbfvhl 



R 52 



522 — [ 



[013] 



rQ 



5N 



□it 



NCV. 




- 16 - 



